Partial ileal bypass (PIB) surgery is a method for the treatment of familial hypercholesterolaemia in man. Since the rabbit is frequently used as an animal model in experimental studies on PIB, we have investigated the long-term effects of this surgical procedure on the health status of rabbits. Forty-eight weeks after surgery plasma and liver cholesterol levels were decreased by about 40%. The inner diameter of the bypassed ileum was drastically reduced, unlike its length. The bypassed segment did not show clear histological abnormalities. The microflora of the caecum was similar in control and PIB rabbits. PIB did not influence liver histology. The bile of the rabbits with PIB was less lithogenic than that of control animals. Blood haemoglobin levels, haematocrit values and plasma concentrations of alkaline phosphatase, alanine aminotransferase, yglutamyl transferase and lactate dehydrogenase were not changed after PIB. Plasma levels of albumin, creatinine, calcium, phosphorus, vitamin BI2 and folic acid were not significantly affected by PIB. Rabbits with PIB had significantly higher plasma levels of bilirubin and zinc than control rabbits, but plasma vitamin E concentrations were significantly lower. These results may be of importance for further studies on the effects of PIB in rabbits.
Partial ileal bypass (PIB) surgery is a method for the treatment of familial hypercholesterolaemia in man. A major side effect of PIB in human patients is diarrhoea (Russell et a!., 1979; Faergeman et al., 1982) . Other side effects such as malabsorption of vitamin BI2 (Coyle, Varco & Buchwald, 1977) , malabsorption of calcium (Faergeman et aI., 1982) and increased plasma concentrations of alkaline phosphatase (Schouten et al., 1985a) have also been reported.
The rabbit is frequently used as an animal model in studies on PIB (Buchwald, 1965; Sirtori et al., 1981; Trezzi et al., 1983; Schouten et al., 1984b; Van Niekerk, Hendriks & De Boer, 1984; Schouten et al., 1985b) . We have reported a transient decrease in feed intake and a loss of bodyweight immediately after PIB in rabbits (Schouten et al., 1985b) . In this paper we describe long-term effects of PIB, measured about 1 year after the bypass procedure, on cholesterol metabolism and on various indicators of health status in rabbits.
Methods

Animals
We used random-bred female rabbits of the New Zealand White strain; the animals were purchased, at the age of about 9 weeks, from the Broekman Institute, Helmond, The Netherlands. They were kept individually in stainless steel cages (45 cm x 35 cm x 60 cm) with wire-mesh bases constructed of galvanized steel in a room with controlled lighting (dark, 1800-0800 h; light, 0800-1800 h) at a constant temperature (17-19 0c) and a relative humidity of 55%-65%. The rabbits had been used in two nutritional studies (Schouten et al., 1984b; Schouten et al., 1985b) ; these experiments were carried out in such a way that the rabbits with PIB and the control rabbits had the same dietary history. Prior to measurements for the present study all animals were fed a commercial pelleted rabbit diet (LK-Ol®: Hope Farms, Woerden, The Netherlands) for a period of 10 weeks. According to the manufacturer, the diet consisted of the following (g/100 g): crude protein, 18·8; crude fat, 3·3; carbohydrates, 56·2; fibre, 14·8. Food and water were provided ad libitum.
Partial ileal bypass surgery
The surgical procedure, which involves bypass of the distal one-third of the small intestine, has been described elsewhere (Buchwald, 1965; Schouten et al., 1984b; Schouten et al., 1985b) . PIB was performed when the animals were aged about 22 weeks.
Analytical methods
Forty-eight weeks after the day on which PIB surgery had been performed, after a 20 h fast blood samples were taken from both the control and the PIB rabbits by direct cardiac puncture under Hypnorm® anaesthesia (10 mglml fluanisone and 0·315 mglml fentanyl citrate; Duphar B.V., Amsterdam,
The Netherlands) (0·5 ml/kg of bodyweight).
Immediately thereafter the rabbits were killed by an intracardiac injection of 300 mg of Nembutal® (sodium pentobarbiturate, 50 mglml; Abbott Laboratories Ltd, Chicago, IL, USA). The liver was immediately removed and weighed, and bile bladder contents were collected. Liver and bile samples and blood plasma were stored at -20°C until analysis. After laparotomy the length of the ileum was determined and ileal specimens were taken for histological examination.
Whole blood samples were used for the determination of haemoglobin (Zijlstra & Van Kampen, 1960) and packed red cell volume (Dacie & Lewis, 1975) .
Plasma total cholesterol was determined using a kit (Monotest) supplied by Boehringer Mannheim GmbH, FRG. Liver cholesterol was extracted and analysed exactly as described by Beynen et al. (1983) . Cholesterol was extracted from the bile according to the method of Abell et al. (1952) and determined enzymatically using a kit (CHOD PAP) purchased from Boehringer Mannheim GmbH. Bile acids in bile and plasma were estimated with the use of a kit (Enzabile) supplied by Nyegaard, Oslo, Norway.
Phospholipids in bile were assayed enzymatically using a kit (Phospholipids B-test Wako) supplied by Wako Pure Chemical Industries Ltd, Osaka 541, Japan. The lithogenic index was calculated using the formula of Thomas and Hofmann (1973) and the data of Hegardt and Dam (1974) and Holzbach e/ al. (1973) .
Concentrations
of alkaline phosphatase, alanine aminotransferase, y-glutamyl transferase and lactate dehydrogenase in plasma were measured on an analyser (Olli C.LD.: Kone Oy, Helsinki, Finland) according to the recommendations of the German Society of Clinical Chemistry (1972) . Reagents were purchased from Boehringer Mannheim GmbH. Plasma albumin was determined by the bromocresol purple method (Harff, 1983) . Bilirubin in the plasma was measured according to the Jendrassik-Graf method and plasma creatinine was assayed with the Jaffe method, using kits purchased from Boehringer Mannheim GmbH. Plasma calcium was measured according to the method of Baginski et al. (1973) . Phosphorus in the plasma was measured by the molybdate method using a kit supplied by Boehringer Mannheim GmbH.
Plasma zinc was determined by atomic absorption spectroscopy (Smith et al., 1979) . For simultaneous determination of folic acid and 149 vitamin BI2 levels in serum a dual-count radioassay kit was used (Diagnostic Products Corporation, Los Angeles, CA, USA). Serum vitamin E levels were determined by high pressure liquid chromatography (Speek, Schrijver & Schreurs, 1985) .
For histological examination wedge specimens of the liver were taken from the left lobe, fixed in 10% formalin and subsequently processed for Paraplast embedding. Sections of 4~m were cut, mounted on glass and stained with haematoxylin and eosin H&E), periodic acid-Schiff (PAS), PAS-diastase, Gomori and Van Gieson stains.
Full thickness specimens were taken from the small intestine. In the control animals, a specimen was collected of the proximal jejunum and of the distal ileum segment. In the PIB-treated animals, the functional neo-terminal ileum and the excluded ileum segment were sampled at the proximal and distal ends. The intestinal samples were fixed in a sublimate-formaldehyde mixture and, after stretching, were further processed for Paraplast embedding.
Sections of 4~m thickness were cut (perpendicularly to the luminal surface) and subsequently mounted on glass and stained with H&E and PAS stain.
Samples of chyme were taken from the caecum for anaerobic microbiological culturing. The caecum was sampled with the use of a swab (Transwab®: Microdiagnostics S.P.R.L., 2672 Puurs, Belgium). Micro-organisms were identified as described by Sherman (1967) .
Results Table 1 shows that 48 weeks after PIB there was no difference in bodyweight between control and PIB rabbits. Liver wet weight was somewhat decreased in PIB rabbits; relative liver weight was significantly decreased. The results shown in Table 1 suggest that the length of the bypassed ileum in PIB rabbits was not decreased after surgery, as the sum of the lengths of the functional ileum and the bypassed part was similar to the length of the intact ileum in the control rabbits.
It is clear from Figs 1 and 2 that the diameter of the bypassed intestine was markedly reduced. Fig. I illustrates the bypassed segment ill situ, while in Fig.  2 the bypassed intestine of a PIB rabbit is shown together with the corresponding part of the ileum in a control rabbit.
Microscopy revealed that in the rabbits treated by PIB the functional neo-terminal ileum did not show remarkable changes. There was a slight increase in mucosal thickness and a somewhat increased length of the villi and crypts. No change of the muscularis propria was evident. The bypassed excluded ileum segment showed slight atrophy of the mucous 
Results are expressed as mean ± SD. ·Significantly different from controls (P < 0·05; two-tailed Student's I test). membrane, with a decreased length of the villi and also with a slight decrease in mononuclear cell infiltrate of the lamina propria. Atrophy of the muscularis propria was not observed.
In the three rabbits with PIB, a slight increase in mononuclear cell infiltration of the portal tracts of the liver associated with occasional involvement of a bile duct was observed. In both the PIB and the control rabbits, microvesicular changes of liver cells were seen but not macrovacuolar changes (steatosis). In both groups parenchymal inflammation, cellular damage and fibrosis were absent.
There were no signs of bacterial overgrowth in PIB rabbits, and the type of anaerobic bacteria found (Bacleroides fragi/is and anaerobic streptococci) was similar to that in the controls.
PIB had reduced the concentration of plasma cholesterol by about 40% ( Table 2 ). The absolute amount and concentration of cholesterol in the liver was significantly lower in the PIB rabbits (Table 2) . PIB induced a fall in the concentrations of biliary cholesterol, bile acids and phospholipids, but the effects on biliary cholesterol and phospholipids did not reach statistical significance. The lithogenic index of bile was somewhat decreased and plasma bile acid levels were somewhat decreased (Table 2) .
There was no clear effect of PIB on the concentrations in plasma of alkaline phosphatase, alanine (Table 2) . Plasma concentrations of albumin and creatinine were not affected by PIB but plasma bilirubin was significantly increased.
Plasma concentrations of calcium and phosphorus were not changed but the PIB rabbits had significantly higher levels of zinc compared with the control animals ( Table  2 ). The haemoglobin concentration of the blood and the haematocrit values were not affected.
There were no indications that PIB caused low plasma levels of vitamin BI2 and folic acid. However, the concentration of vitamin E in the plasma was significantly lower in the PIB rabbits than in the control animals.
Discussion
Buchwald, Moore and Varco (]974a) have reported on the long-term effect of PIB on the health status in rabbits. In their study, three PIB rabbits lived a normal life span of 7-9 years without evidence of any nutritional deficiency at a weight comparable with rabbits not operated upon and of the same age. Detailed information was not given. The present study shows that the plasma cholesterol reduction in rabbits after PIB (Schouten et al., ] 985b) is maintained over a period of at least 48 weeks. In our study, the inner diameter of the bypassed ileum, unlike the length, was markedly reduced at 48 weeks after surgery. The bypassed section of the ileum did not show any striking histological abnormalities, which differs from earlier observations of rabbits by Buchwald et al. (1967) . On examining the ileal segment 3 months after bypass, these researchers found it to be atrophic, with a thinning out of all layers. Our histological data did not show signs of liver toxicity after PIB.
In human patients with PIB intestinal continuity is sometimes restored when the major side effect of PIB, diarrhoea, is extremely severe and seriously troubles the patient (Schouten, Beynen & Hoitsma, 1984a) . On the basis of the present study, it could be suggested that at long time intervals after PIB restoration of intestinal continuity will be technically difficult because of the markedly reduced diameter of the bypassed ileal segment. Until now, reversal of PIB for intractable diarrhoea has been reported in seven heterozygous familial hypercholesterolaemia patients 1-6 years after the surgical procedure (Grundy, Ahrens & Salen, 197] ; Lees, 1971 ; Buch-References Abcll, L. L. . Levy, B. B., Brodie, B Moore & Varco, 1974b; Russell et al., 1979; Faergeman et at., 1982; Masse et al., 1982; Schouten, Beynen & Hoitsma, 1984a) . Technical problems concerning restoration of intestinal continuity were not reported, however. PIB causes increased amounts of bile acids to enter the large bowel. It has been shown that bile acids may influence the growth of certain bacterial species, notably bacteroides and some strains of streptococci (Stacie & Webb, 1947; Floch, Gershengoren & Elliot, 1971 ). Estimates of the population levels of anaerobic faecal microbes were essentially the same in the caecal chyme of the PIB rabbits as in that of the control animals. Thus we did not find evidence for an effect of PIB on the microbial flora of the caecum.
Apart from the effects of cholesterol metabolism, PIB was also found to affect the plasma concentrations of zinc and vitamin E significantly ( Table 2) . The importance of these effects is not clear at present. The absorption of vitamin E is dependent on the ability to digest and absorb fat. Studies on animals and humans have shown that bile is essential for absorption of vitamin E (Gallo- Torres, 1970; MacMahon & Neale, 1970) . This process may be impaired after ileal exclusion (Bieri, Corash & Hubbard, 1983) . Most abnormalities secondary to vitamin E deficiency in humans have been subclin-I ical (Bieri, Corash & Hubbard, 1983) . In subjects with reduced levels of vitamin E the red cell half-life is shortened (Leonard & Losowsky, 1971) , usually without concomitant anaemia. In our rabbits the haematocrit values were unaffected by PIB surgery. It is possible, however, that in long-term studies with PIB rabbits the diet needs to be supplemented, for instance with a-tocopherol.
Further studies are required on this point.
We have recently suggested that the pig may be a more suitable model to study PIB-induced changes in cholesterol metabolism than the rabbit (Schouten et al., 1985c) . As far as we know, the long-term effects of PIB on the health status of pigs have not yet been described.
